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ROTARY KILN SHELTING or SECONDARY LEAD 

RJchard"C. llan, H. Vlkr.. lao , Karl D. Ll~ach 

KL Induatrl.a, Ioc. 

Hllhtatown, H. J. 


Thie paper deacribaa tha layout end oparation of the Padrlcktown Pla.t 
of KL Induatrlea, Inc., located at Pedricktown, Hav Jeraey, appro.l..taly 
20 .llea fro. Philadelphia. A daacrlptlon of tha co.plet. op.ratloo viII" 
liven co..enclnl with the decaalnl facilltl.a, deacrlblnl the kll....ltl., 
operation and flnlahlnl vlth the raflnlnl a.d caatlnl. Tha e.pheala, ~.r. 
viiI ba placed upon the kiln a..ltlnl vhlch r.pr.aenta a allnlflca.t 4apar
ture fro. conventional a..ltlnl, vhlch la prado.lna.tly co.po.ed of ~laat 
furnacea, reverberatory furnacea and abort rotary furnacea. The lon, rotary 
furnace haa ao.e al.ilarltlea vlth tha abort rotary In Ita che.latry, but 
in all other reapecta It la a aubatantially different technolo,y fro. a.y 
othar aecondary lead proceaa. 

The kiln a.eltinl deacrlbed in thia pap.r r.praaenta a ..dlflcation of 
the proceaa e~loyed by Pr.uaaal AC, eoalar, Ce~ny, fro. vho. the "ale 
technololY vaa licenae4 by KL. S... of tha ..jor eo~arlaona of thla teeb
nololY vlth conventional ..eltin, era dlacuaae4 at tha end of the pap.r. 
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Batt~ry Decaltng 

Th. Pedrtcktovn d~< •• ln~ plant .ep.r.t~. the recelYed b.tt~rte. Into 
n~ld. r.rld. I.fae ca.e and .eparator, ~lddllnR. (ractlona .nd battery p••te. 
Mo.t of the b.tt~ry acid dralna wh~n the battery I. recelv~d. Th~ b.ttery 
I~ th«n .hredded .nd Icreened .t 5/16", The +5/1b rraetlon contaln. Rrld 
and lar,e CI.e .nd .epar.tora. The.e are .ep~rated by • M4gnettte alnk 
flolt proc.... The -5/16 cont.lna .o.a non-p•• ta ..tert.l. which .ra 
re-aved and report to the mtddltng. rr.ctton. The remalnlng paata alurry 
I. thlcklned, (tltered and drted to ..ke the battery pa.t. product. 
Flsure I ahov. the flov of battery .. tertal. 

lnco.lnl battery truck. report to the truck dUMp. There the cab and 
the trailer ore Ilrted to 60· froa the horizontal and tbe batterle. cplll 
Ollt to a receIving are.. ~Ile the truck t. beIng lovered lt t8 v.shed vlth 
opray vater to remove any b.ttery acid. Ft,ur. 2 ahova the truck dump. 
8.tterl •• on .klda .nd loo•• ly pIcked on flat bed truck. cannot ba unloaded 
by the truck du.p. Theae .re reMOyed by pushing vtth a payloader or by 
fork lilt at a aeparate recalytn8 dock. The atdea of tbe 100.ely p.cked 
flat beda cannot vlthttand the ru.h of battarte. on dumping and break out 
cra.ttnl da..g. to the vehtcle and dan8er fro. fal1lna batterlea. 

The drop durlna dumplnA fracturea moat of the battery ea.ea and a 
lar" ..ount of the acid dralna I...dlately. Thl. flova throulh a avala t
Into. recetvlna acid au.p and I. pu.ped to .tor.,e t.nka. The acid 1. 
dtspo.ed of by va.te dlapo.al flr.a who puep froe the.e tanka to their 
trucka for tranaport to thel~ treat.ent facilitle •• 

An Internatlonsl SIS payloader Is used to remove the batterle. fro. 
the racelyln, .~ea Into one or five recelvln~ bin.. The.e .ra conatructed 
prl..rlly of concrete with acid brick In a~e•• vhere .o.t of the dr.ina8' 
occura. Va have ob.erved that Icld attack on concreta I. not levere until 
puddltn, beltlna. . 

Batterie. to be de'c ...d Ire dU.l'ed tnto the .hredder recelYlnl!, hopper 
CPtaur. 3) by a aecond IH 51S p.yloader. The .hredder la • Saturn Hodel 
~. 52-32, IOO-HP vlth KR 315 lov apeed hlAh torque motor and apeclally 
conltructed .cld rellatant alloy cutter teeth. Th. tvo oppoalnr. rove of . 
te.th rotata at approxl.. tely )0 RPM. The blade. ar. d~lven by • hydraulic ~ 

~ 

~4-.yate. vhlch .uto..tlc.lly reyer.e. direction vhen to~que increaaea above c O ... 
a certain level. Thla feature allova the hopper to be .aptled even vhen 
plecea of tra.p Iron f.ll Into It. The ahredder ahred. betveen 1200-1600 [ O~D,.,Sbattert•• per hour dependln. on the condition of the teetb. Ve hava found 
it n.c •••• ry to rebuild thea about eyery alx veeka. If thle I. not done A,o ..o.the battery rate dropa .harply. Shredder p~oduct la no.ln.lly mlnua 
2-1nch vlth ao~e platea quite. bit lar,er tn tva dlmenslona. 

'\ 

A 30 Inch vide conveyor belt reed. the ahredded product throulh a chute 
to • 6 feet dla.. ter tro... l (Fllure 4). Thl. unit I. driven by a 2S HP 
electric motor and hal a aolld receiving ••ctlon 4 feet 10nl and a 12-1/2 
f.et lon8 acreenlna a.ctlon. The recelvln~ a.ctlon of the tro~el act. a. 
• ,.ntl. arindlna a~ea In vhlch tbe ..terl.l ,rlndlna a.alnat Itaelf tend. 
to fr •• the .. tailic Irld of any paate adherlnR to It. The hole. In tha 
atra.n ara 5/16 Inch tn dt.weter. V.ter la fed Into the recelvlnlt aeetion 
throulh th. chute at • controlled rIte and .1'0 'a aprayed Intern.lly on 
th. 'c~ean and elt.rnally on top of the acreen. The tro...1 rotate. at 
10.1 RPM and la tilted dovnvard at 7' to the horizontal. In our oper.t'nl 
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The ~/I"" oven hll thrOuKh a chuu Into a IMp:netite heavy .edla 
aeparator. The ~dle II kept betveen 1.6 and 1.6 Ipeclflc p:ravlty. The 
unit la a Nu.boldt bucketvheel aeparator .nd hi. approximately 1.25 aquare 
-eterl of aeperltlnK lurf.ca. Tha ca.a and aeparator. float on top of the 
blth over a dllchar~e chute onto a .pllt acreen, The lead arid alnkl to 
the bottom of the bath. I. picked up by • revolvln& bucketwheel. brousht to 
the top and dllcharKed down a chute to the 0PPollte .tde of the .pltt acreen. 
The eepu·at1on ta co"'!'ltcated by the hct th.t often tlllea .... 11 l"d/16" 
piece I of Krid link palt the bucketwheel. For thll re.lon, the unit haa been 
MOdified 10 that -edla and the.e fine. dl.charse contlnuoully belov the 
"heel lteelf. 

The __ Knetlte uled In the alnk float la reclaimed Ind reueed. Thla 
reclalmlns procee. aterta on the .pllt ,creen. It. flrlt portion II not 
aprayed. Here .uch of the heavy sedla drlpa off the leplrated productl Ind 
dralna I~dletely by Kravlty Into. receiving cone. The heavy media pump 
then pumpa It back into the aep.rat~r. The heavy .edla pUIIP i. a Wesco 
Hodel 6X4WD vlth 40 HP and la driven .t 714 RPM. The farther end of the 
.pllt Icreen la vllhed with Iprlya vhlch remove the relt of tha magnetIte 
fro. the .ep.r.ted productl. They flov by sravlty through tha Icreen Into 
the Illht sedla recelvlnl cone .nd Into the light .edia pump. It trlnlferl 
the light .edta to I "Inetlc aep.rltor vhlch reclat•• the sagnetlte from 
the vater. The dl.charla fro. the aalnetlc leplrltor dropa by gravity Into 
the he.vy ..dla cone. 

The heavy -edl. link. f.ll fro. the .pllt Icreen throush • chute onto 
a conveyor belt which dellverl them to the Ivelter furnace. Thla la I 

rotatlnl tube furnace 4 feet In dla.eter and 20 feet 10nR. which I. fired 
fro. the dllcharge end by one burner which also has the .bliity. to cool 
by blovlns air throv~h the nozzle vlthout fl.~e, Grid metal melta In 
t~ lurnlce. Off-gBae. are treated In • beghoule. About 85% of the feed 
reportl II lead and 15% al dross.' The lead buttons are removed for use 
directly in the reftnlnl area. The droal Is trsnsported to the kiln .rea 
for I.eltlnl. We have found that the amount of pl •• tic In the grid portion 
influencel the operation of the .v.ater srelt1y. Exceslive plastic requirel 
the unit to be cooled. 

The v.lhed caae .nd lep.rator aaterlal i. delivereJ by conveyor to a 

atorage pile. We are currently .elllnp: thla material to a firm vho il 

reclai.lnA It I plaltlc content and eatrudlnl thta to ..ke plastic product 

for .ale and ..nufacture of .peclalty ite••• 


All the -~/16" which go.a through the trommel .creen i. eventually 
... Ited. The equtp-ent uled aub.equently for procelains remove. the water 
u.ed In Icraenlns in the tro.... l ecreen. 

Th. flrlt atep In vlter removal la to ramove the unpumpeble materiel 
to for. a .Iddllnll fraction. Thla la don. ualnl the .plral cla••tfier 
followed by a flat .cr.an. Tha aplrll cla••iflar re~ovel that .aterlal 
vhlch Iinka 10 quickly that It cannot ba pumped. Tha vat.r cont.nt ta 
Ipproxl .. taly 15% on dlacharla, The overflov contain. the blttery paate 
and -5/16" overl Clle and aep.r.tora. The latter are removed on a flat 
Icreen vlth appro.l .. tely 44 aquare feet of lurface arel. Both the aplral 
clailifter Ind flat .creen diach.rlel RO to I long acrev vhlch deliver a the 
.Iddllnl" to the buffer atorale roo. for kiln a.eltlnl. 

The Icr.en undera .re blttery paate alurry vith betveen ID-15% aollda. 
The.a fIll by Iravlty to a SO HP pu.p "hlch tranafera the. to a thickener. 
Th. thickener il )0 feet In dla.. ter by 9-1/2 feet deep Ind haa an auto..tlc 
torqua ltftlnl aenllng device on the rake. 
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The thickened battery pa.te flova out of the botto. of the thlckenar 
through one of tvo S HP Hoyno pumpI vhich are .ade ualnR I chroee-plated 
tool _teel type rotor. natural rubber type atator, and pump the battery 
pllte through a 1-1/2" line to a rotary drum filter. The Ilurry tl ulually 
betveen 60-70% _olido once It lelvea the thickener. The line to the flltlr 
contalna I nuclear denalty .Iuge which continulily .eaaurea the den.lty of 
the Blurry. The filter la an !IMCO filter 10 • 12 feat in al~a. relte In I 
tub, and II fitted with an agitator to keep the alurry In auapenalon. It 
la operated vlthout an overflow and ..terlal II fed to It Inte.-Ittently to 
keep the level in the filter within about a foot of the top of the tub. Tha 
filter la run betveen 19-22" ..rcury vacuu.. The vacu~ ayate. conalata of 
a filtrate receiver connected throulh a baro..trlc aeal to an output ausp 
and a 60 NP Sle..na vacuum pu-,. Tha filter dru. typically haa a cycla tl.. 
of J mlnutea and the cake ia relea.ed by ualnl a acraper blade and a a..l1 
amount of _nap blow air. The cake la ulually releaaed at about 1D-1~% 
IIIOlature. It Ie ulually about 1/4" to 1/2" thick. 

The filter cake falla Into a recelvlnl acrev, and la conveyed to I 
acrev vhlch feedl It to a 4 feet dla..ter by 24 feet lonl rotery drum drlar. 
The rotary drOll drier la fitted vlth • acraper to prevent accu.uletlon of 
aaterlal Inalde tha drum. The dried .. terlal contalnl 6-81 molatura and 
conslata of nodulerlzed aaterial (pelleta) uaually batveen 1/2" and 1/4" in 
diameter and contalnlnl 15·201 finea. Tha dlacherl. la conveyad by a rtbhoa 
screw conveyor to the buffer atoraBa bulldlnl. The drier off-.aaael era 
treated in I Oucon acrubber to remove pertlculatea. 

The thickener aervea a. the plant'a vater re.ervolr. The vater for the 
apraye for the trommel acreen, the aplral claaaifler, the Ilbrl acraan and 
the Ip11t Icreen la lupplled by the thickener overflow. It la then pu.pad 
to the Iprayl or If there il exceaa vater to a holdln. Inventory tank. The 
plent haa nu.eroua valvea for floor "alh down and cleanup all of vhlch ar. 

\ done with vater fro. the thickener overflow, All va.hup vater ayantua11y 
. endl In the bottom floor of the buildinl Ind dralna fro. there into I au.p 
'pump vhich pumpa it over the "Bnetlc aeplrator and then Into tha thickaaar. 

The pllnt la operated J ahifta • veek, S dlY. a veek on I 24-hour ".1•. 
The depart..nt employa a auperintendent, three fore...n and alK hourly par· 
eonnel per ahlft. One of theae il uaed to 10ld tha batterle. Into the 
ahredder; I aecond to scnltor the equipment befor. tha heavy ..dl••actloa, 
the third to senltor the operation of th. buck.twha.l aepar.tor; I fourth 
to monitor and operate the thlckenar, flltar and drier; a fifth aa I utillt, 
aan to provide for relief breaka and lunchea; and tha at'.th to proylde for 
ablentee replece..nt Ind cle.nup • 

The moat aisnificant coata In operatlnl the pllnt ar~ ~apraclatlon. 
aalntenence. and the coat of dlapoalnl of vaata acid Ind dacaalnl affluant. 
The need for ..Intenance la continual. this facility uaea aeny placal of 
equlpmant In ona line and without ~ch aurla. Va hava b.aa Ibla to o~tal. 
10% operatlnl factor durlnl tha laat ,aar and belleya It viii ba poaal~l. 
to I.prove thll to 8D-8S%. That I.prove..nt dapanda on careful prlYlntatt•• 
aalntenance. Wa pay very careful Ittention to tha lmouat of Iland vltar 
uaed on our pumpa aa ve find that attention paya off in Ireltly reduced 
effluent haullse coat. 

ItUn 

The Pedricktown rotary kiln h • 111 foot lonl. '10 foot dl_ter ....4 
cement kiln converted to leed ...ltlnl .paciflcatlona ('Ilura S). The lur
nace ia in~1lne4 .lilhtl, to the borizontll a04 coatlla. 192 to•• of 
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refrlctory .Ide up of 11u.lna brick In the reed and prehelt lonal, ~urnld 
..snellte-chrome 	brick In the relctlon aone, Ind the entlrl Ilnlth II blck•• 
up by 1 Inchel of In.ulltlnl firebrick. The dllchlrle end of thl kiln II 
narrowed for 6 feet 1 Inchel with the bilic brick to form. da. (corbll) to 
allov for the collection of .. tal. Irlcked worklnl dll..tar of the furnlCI 
il 8 feet at the feed end Ind 4 feet .t the dl.charle and. 

The kiln I. fired by a '5 .Iliion BTU 011 burner po.ltloned It the di. 
charle end Ind anlled forvlrd enoulh .0 that tbe fl ••e .trlke. tha edla of 
the blth juat behind the corbel ('Isura 6). 

The rotary klln Itt. on three hrle concnte plera, Ind elch pier hla 
two trunnion rollera upon vhlch the kiln tlrel reat. The roller be.rlnSI 
are lubricated throush I reclrculatlns 011 Iy.te., which haa provilloni for 
.alntalnlnl the 011 temperature at 10G-IIO". The kiln II rotated by ..ani 
of I llrae rlna (bull) aelr Ittached to and enclrcllnl the outllde of the 
kiln. Thle lear 11 driven by • pinion drive se.r, which II In turn driven 
throuah a vater-cooled "Inetlc coupllnl clutch by • fi.ed ape.d A.C. alac
trlc motor. Rotltlonal Ipeed vlriltlon throush a rinse of 0.1 to 1.1 revo
lutlona per .Inute II obtllned by vlrylnl the current to the "Inetlc clutch. 
An auxiliary Illollne enslne II provided al I blckup lourca In ella of elec
tried hUun. 

Lead-beerlns feed .. terlal •• etored In an encloled bin that la klpt 
under nesatlve pre••ure. A brld,e crane vith I I-Ill Ylrd cIPlclty bucklt 
operltlnl vi thin the bulldln, dellverl the feed to I IS-ton clplclty hoppar. 
The hopper II e.ptled by tha action of an apron feeder pulllni ..terlll IVlY 
from the opening It the hopper botto.. The Ipron feeder conveya the ..tar I.1 
to the kiln feed conveyor, a 150 foot lonl completely encloled bait convayor 
eet at • 17· anile. At the top of the conveyor, tl>., ..urhl la dhcbar,ad 
Into the kiln via In Inlled fe.d chute or I fe.d .c(ev, dependln, on the 
phyalcal nlture of the ..terl.l balD, u.ed. 

Petroleum coke and .odl alh Ire Itored In enclo.~d bini bavln, I cepa
city of 260 .nd 409 toni r ..pectlvely. Each of the b:.nll II equipped vith 
Individual plptnl and bl.houae .y.te•• for blovin, cokl and .oda ••h fro. 
pre.auriled deltvery vehlclee Into the .tora.a bini. Both blne hey. 
vibrating bot to•• that •••I.t the eavement of the bin content. Into Icrev 
conveyorl vhlch are operlted by vlrllble .peed D.C• .ctor.. The verl.ble 
apeed .crev. convey to • coaaon flua feed Ie rev, vhich In turn di.cherlee 
onto the .fore.entloned kiln feed convayor. ea.t iron chip••ra fed fra. 
a 10 ton V-bottomed hopper end, a. the, .ettl., arl pulled fro. the botla. 
of the hopper by en .pron feed.r and depo.lted Into the flux f.e' acrev. 
The ceet Iron chip. are .laed with the petroleum coke and lOda a.h In thl 
ecrew and ar. dl.char,ed oato the kiln fe.' conveyor. 

Tha rotary ktln .. tallur,lcal , •• atre•• II cleaned by .a II cell 
lorblo bl,houa. powered by alSO KP fan capable of diacharllnl '1,000 CIM. 
rich 5ell contain. 71 acrylic ftbar be,1 hevlnl e per..ablllty of 
40 ft Iftl'.ln. The kiln .1 drafta' fra. the cherlln, en' throulh alar,. 
Iravlt, Ilttlln, cha.ber known a. tha "fucha". Tha dUlt th.t 'rop. out 1. 
the fueh. funnal. Into a Ie rev ConYlyor, vhlch c.rrle. It back to the kiln , 	 feed conv'Jor bJ vay of the racovery loop. The racovery loop Ie coaprl ee• 
of a horlaontal Icrev conv.yor, a rotary vaive, en Inclined ecrav conYlyor. 
and, bucket elevator. The ,Ia .tre•• fro. the fuch. 1. flrlt pulla. 
through a ya. duct cool tn. tube .nd then throu,h the balloon flue 
(Fllura 7), eKPlnded duct with a ecrev conveyor .cunted on the botta.. 
prior to ent.rlnl the ba,houae. 
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Hount~d on the balloon flue la a bleed Ilr dl.per, Itt function to 

Illow out~lde cool air to flow In to ..tntaln the proper b.Rhoule Inlet 
t ••perlture. The d.~per II operated by I Leedl Ind Northrup controller Ind 
II clpable of oper.tln~ in eIther the ..nUll or lutomatlc mode. Negltive 
,rla.ure In the kiln II controlled by I dl.per ~unted on the outlet .Ide, 
of the fuchl It the bile of the vee duct. 

A 24-cell Norblo blghoule hlndlel the.anltlry ~.I clelnlnR requlre
..ntl for the kiln and the reClnlng deplrt~nt. Slnltlry hoods are provided 
over the lead llunderl It the dllchlrge end of the kiln (firing hood), over 
the allg Ind l ••d trllns, Ind over tha leld tapping .e~tlon. The dust that 
i. tolle~ted fro. the kIln operltlon, both frOM the .etillurgical Ind slnl
tary ayate•• , II returned to the kiln feed conveyor through I screv conveyor 
IYlte•• 

Th~ .IIA. which for •• on the .urflce oC the aetal, overflows the corbel 
eontlnuoualy through. chute Ind II colle~ted In aliA pot.. Two sllg pots 
lit Itop .Ich Car oC I five clr clble-drlvn train. Leld II tipped perlodl
cilly by Itoppln, the kIln, brelklna open the tiP hole, then rotltlng the 
kiln until the tiP hole polntl dovnwlrd. Leld II collected by means of 
refrlctory lined Ilunder chute which directl the Claw 1nto botton molds 
,I ICed on • clble-drlvn leld train. 

All controll Ind Inltruaentltlon thlt support the rotlry kiln operltlon 
Ire houled In one or tva Ilr-condltloned, dUlt-free control roo.a. The feed 
control roo. (FIBure 8) II located vlthln the encloled ne~atlve pre.lure bin 
and cOntllnl the crlne controla, the Itlrt/ltop controll Ind Indlcltor 
Illhtl ror III feed Ind recovery aYlte. acrewl Ind belt conveyorl, the 
rheoltlt. that control the vlrllble feed Icrewl Ind conveyor I and the cOn
troll for the pneu.. tlc coke Ind aoda lah hlndllng .ytte.. The kiln control 
roo_, locatld In the tlpplnR arel, hoUlel III kiln Ind b'Rhoule te.perlture 
Indlcatorl and recorderl, Itlrt/ltop contrail Ind indlcltor llahtl for kiln 
.y.t~1 Ind drift control InltrUMentltlon (Fllure 9). 

Stut Up 

The tise requlre-.nt for kiln stlrt up vir lee depending on the condition 
of the refrlctory. tn the cI'e of a nevly r_brlcked kiln, the ruchl Ind 
flrln. hood are dried out for I two-day period by placing Illomandero Ina Ide 
th... At the end of thll period, the .. in burner II turned on and tho 
furnace teaperlture II rlla.d 100·' per hour to 1200·'. Once the te~perature 
hal reached 1200·', It II held for In Iddltlonll 12 hour. to pe~lt the 
brickwOrk to let unlro~ly hot out to the .teel Ihell. At the end of thll 
Kaolk" period, the kiln tewperlture la ISlln rilled 100·' per hour unttl the 
te.perature relche. 2400·'. Durin, thia lIlt l2-hour pertod, the kiln I. , 
rotlted one-qulrter turn every IS .Inutel. At thl end of thll heltup period, 
feeding beBlnl It appro.laately l51 of clplclty for 12 houri, aCter vhlch It 
.a Increlaed to 65% ror 12 houri Ind therelrter to de.tBned clpaclty. 
Stlrt up with uled refrlctorylnvolvel heating tha kiln Without rotltlon to 
proc ••• condltionl over In 8-10 hour period. Vben the Ihell te.perlture 
relche. 250·' It the tiP hold, the kiln la rotated 180·' every half bour for 
appro_l..tely 4 houri. At thi. point. Ceedln, bellnl .nd proceed• • 1 
deacrlbed abov•• 

Tlchnlcl} Trllnlnl 

The trllnlna of perlonnel for both the kiln and decalin~ oper.tlon va. 
eccowpll.hed by the centrll technital trllnln, deplrt.ent vii a Criterion 

'llura 8 - '"Id Control too. 

'llure 9 - IlIa Ind "Iboul. 

, • .,.r.tur. ladleltor. , Jacor.'r. 
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'eferene~d Instruction Progra.. CRt training II a courle of Inatruetlon 
In which the aubJ~et .. tter Is taught a small portion at a time vlth the 
r~qulre..nt that the trainee deMonstrate hi. underatandln~ of that one 8~ll 
portIon before proceed In. to the ne.t higher learning atep. The proBra. 
proved to be very effective; operetora wer. veIl verled with the equipment. 
contlnlency procedure. and operating perlaetera, Ind Ibove all no accldentl 
vere luffered durin, the three-.onth atart up period. 

Hanpover R.qulre~nta 

Th. kiln ta op.rated on a three ehlft per day, aeven day per week 
Ic~dule. A tapper, charger, alai hlndler, lead train operator, ba&houee~an 
and relief operator per ahlft co.prl.a thl hourly work. 

A ... ltlnl ..na_ar I. ~eaponelbl. for tha overall oparatlon and ha. 
'our ahlft fore.cn to aupervl.e the furnace. 

Maintenance 

Mlnety percent of all kiln .. Intenance and repair la perfo~d by the 
~llnt .. Intenance depart..nt. One .. Intenance ..chanlc per .hlft II 8.allned 
to the kltn, each perforwlns a total of 91 equlpeent checks and lubrications. 
"brickIn. and the larse fabrication and/or repair joba that are conducted 
durin. achedulad ahutdovna are conttacted out. 

Since the kIln atart up In April of 1978. there have been four ahut

downa to ..ke repalra to or replace r.frlctory. Refractory experlencee are 

outlin.d In Table 1. 


Op.ratlon 

Aa "la the caae with all furnac. operltlona, there are certain I~ortant 
aapecta which .uat be monitored and controlled via Inatrumentatlon and 
operator obaervatlon. With the kiln operation, thl. can be broken down Into 
four ..Jor heedlnga: the feed ayate., burner ayatem, off la. ayatem, and 
t~ kiln. E.ch ..Jor head Ins II then lub-dlvlded a. followa: 

The reed ay.tea, a. pr.vlouat, .entloned, la .ade up of two primary 

fe.d ayatea. to Inctud. lead bearlnl feed and flux feed. Both .yate•• , 

aa viti b. explained further later, are eet by a potentiometer and re-call 

brlted at each feed rate chanle. Once callbrlted. the control. Ire locked 

at the panel bolrd Ind a re.dlnl II taken once per hour to Inlure accuracy. 


The burner ay.tea conalata .. Inl, of oil prealure vilvea and air rate 
control d.~ere, which are let for ...Iau. burner effSclency, .nd annltored 
.1. ,IU'•• at each critical point. In addition, In 011 r.tl .eter II 
utlll,.d to .cnltor fuel coneuaptlon and lid UI In .. Int.lnln, In enerlY 
Ifficllnt ay.tem. 

The kiln orf .e••y.t.m 'I equipped with dr.ft control, temperature 
aonltorinl .nd .nvlron~ntal controll. To enlble ua to .ani tor temperature., 
we h.ve Inatatted I 12 point recorder ¥bleh records fuch. temperature, top 
and botto- ba,houle teaperlture••nd Itack temperlture. Individual te.pera
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tu~e ..tarl hAy. 1110 been Inat.lted to monitor the blshoule Inlet and 
burnln. ,one teaperlture. To cover draft requlrementl Ind environmental 
n.ld_, VI hay. Incorporated a recordlnl aeter and photohellKea for draft , 
.on'torln~, a coabultlon ..ter for ,aael, Ind In opacity aeter for .anltorln, 
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nack ...t.don•• 

The kiln ltaelf I. equtpped vlth rot.tlonal speed control .nd a 
.onltorlnl ~ter. a drift monitor .I.rm••nd cool InS vater .nd lube 011 
te.perature ~tera for .onltorln~ the be.rlnSI. 

Several other critical functions not covered by Instrumentation aa 
•uch .re .areguarded by al.r••yate.a. Typical e.a.plea of theae alar., 
ar.: vee duct hiSh te~perature. bashouae Inlet hlBh temperature. flame 
f.llure. clutch coollnl vater 10v presaure, kiln drive ~tor atopped. etc. 

~a vlth any nev furnace, unexpected oper.tlon.l proble.s develop that 
requlr. pereeverance on the part of the furnace ataff and hourly peraonnel 
to ana1Yle and overcofte procedur.lly. A dlacua.lon of aome of theae dlffi 
cultl•• follow•• 

The orilinal feed .y.te. at .tart up, for the rotary kiln vas a 
Ir.vl.etrlc ay.te. usinl veilhbelt. co.blned vlth varloue typee of tr.n.ition 
conveyor.. Thll ay.tea va., and .tlll I., conaldered the optimum ayate. for 
char.lne the kiln. Movever. early In the et.rt up, It bec.~ apparent that 
the ayate., •• de.IBned. vaa too .ophl,tlc.ted for reilable day-to-d.y 
oper.tion In • , ..Iter envlron..nt. It va.n't lonl before the velghbelt. 
wwra taken out and the feed .y.te. v•• converted to a .Imple volu.etrlc 
b,.i •• · 

Oper.tlnl , vol~tric feed .,.te. required that .n accur.te .e.na of 

c.llbratlng feed rate be developed. Our preeent .yatem utilize•• varl.ble 

potentiOMeter which control. the .peed of each Individual feed conveyor. 

Thl. potentlo..ter I. c.llbrated by the el.ple e.pedlent of running the 

.y.te•• t • particular .ettlna for' .et pertod of time vtth the feed df

~.rted to • dru.. The feed thua collected I. velghed end the rete I. 

c.lcul.ted. Thl. ta done. nu.ber of ti.e••t different eettinga .nd the 

re.ult •• re plotted. U.lnS the reference c.llbratlon curvee thue obtained. 

It 1. a .I.ple .. tter to chanle charle co.posltlon vhen required. 


Durln~ the 16 .onth. of ktln oper.tion. the co.poaltlon of the charse to 
the kiln haa varted con.tder.bly. So.. of thl. v•• expected, .nd plenned 
c • .p.I.n. to run p.rtlcul.r le.d-be.rlng feed. h.ve been ech.duled. Hovever. 
..... of It la du. to the natural variation that occun In .cnp ",d f.ed. 
The kiln I•• dyna.le .-eltln••y.te••nd, vhll. not •••enaltlv••e • bl.at 
furn.c•• chanRe. In ch.rl' co.poaltlon .u.t .o.etl.ee be ..de. 

Cere .uat be t.ken hovever to dl.tlnlul.h betveen tho•• condition. 

which .r. tr.natent In nature .nd do not require charle edju.t-enta .nd 

thoae vhich do. AdJu.t..nta to the ratio of fluxe••re .a.t coamen, 

particuI.rIy .oda ••h .nd coke. Theaa .dJu.t~nt••re baeed on eeverel 

f.ctor.t .1 •• che.lc.l .nsl"I., .1'1 pool ,ppe.rsnc. Ind I.ner.l kiln 

,.ra..t.re. AdJu.t..nt. In the r.t. of f.ad I. u.u.ll, d.pendent on the 

tTPe of ecr.p balnl fed to the kiln. 


The role of the burner In kiln ... ltlnl I. only noV bellnnlns to be 
full, .ppr.ctated. The burner'a .. In role I. to Inltl.te the .meltlng 
re.ctlon••t .tart up throulh the IInltlon of the cok. tn the charge. Once 
the•• re.ctlon••r. underv." the oxld.tlon of the coke .nd th. exoth.r.lc 
he.t fro. the l.,d o.lde r.ductlon ,upplte. the bulk of the nece,••ry h.at 
to the kiln. The burner thereafter fa ... Inl, ueed for .hl control. Hinor 
.dJu.t..nt••r...de In the burner to keep the .1.g vithln ••peclffc 
~I.co.lty r.nle. The.e .dJust..nt. c.n Involve change. In fl ... char.cter
t.tlc••nd/or .nlul.r po.ttion. 

QI>" 

Sl,s v'.co.'ty control I. t.port.nt for the cl••n .ap.r.tlon of Ie•• 
• nd ,1'R. A vl.cou••1'1 c.n c.rry • al.ntflc.nt • .ount of I.ad prill out 
of the kiln. It .1.0 c.u•••• tren.port probl•• - bulldln. up on the corbel 
f.ce .nd cloSRlns ths ,IsS chute. . 

Too thin s .l.g c.n .18n.1 the be.lnnln. of probla•• vlthtn the kiln. 
The flux r.tlo may b. Incorr.ct or the ... ltlna Ion...y bs .ovlnA'· Th• 
••eltlnl ~one c.n and doe ••hlft vi thin the kiln. r.ctora .uch a. feed 
r.te. cok. level, draft control .nd fe.d type c.n c.u•• th••••hlft•• 
Hovement of the a.eltlnl &one c.n b. folloved by .onltorln, tha t • .,.r.tur. 
re.dout. at e.ch end of the kiln. 

The kiln dr.ft I. controll.d by the reclproc.1 .dju.taent of the fuch. 
d••per loc.ted In the vee duct .nd the bleed In .Ir d••p.r on the b.lloon 
.crew, AutomatiC controller••r. provided for the.e tVD da.p.r.. Rov.var, 
their oper.tlon .uat be perlodlc.lly .anltored to .e. that they .ta, vi thin 
the effective controller r.nle. Since ~here .re .l.o.t an Inflnlt. coabln.
tlon of .ettlnl' for theae tVD d••per. vhtch c.n yield the .... dr.ft .nd 
temper.tur. condltlona vlthln the kiln .y.te., th., hav•• tandency to drift 

l until they .re out of control. Th. control of the•• two functloa. la cr'tl 
c.l for ••xlaua kiln production. 

Aa prevlou.ly ..ntloned. the rot.ry kiln .t Pedricktown I •• u.ed 
concrete kiln. It I • .aunted, out la the open. on threa concr.t••upport 
pier.. Bec.uee of the co.blned v.llht of the r.fr.ctory .nd the 1••• 
ch.rs. (about five tl... denier th.n concrete) .nd the ..rlla.1 .upport, 
extra cere .uat be t.ken to ke.p the kilo fro. v.rplnl .ad/or drlftlal. 
The extre.. lo.d .1.0 ..ke. lubrlc.tlon of the trualon. aad b ••rla•• 
.xtre.. ly crltlc.l. ' 

Aa • re.ult, onc. the kiln I. flr.d up .ad up t4 up.r.tloa.1 he.t, tt 
I. never fully .topped for .ay lenlth of tl.. (.bout lS .Iaut.e ...I~). 
An Idllnl proc.dur. hae been la.tltuted vh.reln tha klla I. 'Iavl, rot.t.. 
or slven • periodic quarter turn durin••ny t • .,or.ry "hold" condltloa. 
Should the hold be prolonled. the kiln I. e.,tle~ of .lal .nd lead and 
gr.du.lly cooled down vhlle bela. rot.ted. 

St.rt up of the kiln proc.ed. dlff.r.ntl, d.p.ndlal on vhether'Dr ..t 
the .t.rt up follov•• rebrlcklnl. rollavln•• r.brlckln•• the kll' I. 
he.ted up very alovl)" to drlva off the .ol.tura 00 the rdrec·tory. Aa t ... 
brick. e.p.nd .nd lock In pl.c., the kiln 1. rot.ted .Iovly .nd the· ....tl•• 
I. continued until It I. up to a.ar op.r.tlon t • .,.r.tllr.. Whe. thi. point 
1. re.ched, feed Ina I. co.-enced. 

i 
The orlaln.1 le.d t.pplal procedura c.ll.d for • r.c.'y'n. k.ttl. 

..In.t.y vlth a ..nu.lly rot.t.d levnd.r chut. flilin. button .old.:a•• 
backup. Thla conc.pt v•••bandoned prior to .t.rt up due to the ••tlcl,.,.4 
difficulty of PUlDpfn. "dirty" bulUoD Ollt of the recalvlna kettle. 

I 
A lead carrou•• l va. d.allfted .nd lIe.d .ucc••• fully for ao.e 10 .a.the. 

Hovever, .echanlc.l dlfflcultl.a bec....n Incr.a.ln. probl... Curr.ntl, 
• le.d tratn, virtuelly Identical to tha on. ua.d for .le., hal r.place. 
the c.rrou•• l .nd Ie op.r.tlna .atl.f.ctorlly. 

Chuae 

Dell, kiln ton.... fluctuata••llnlflc.ntl, •• a functlo. of cbarl" 
Thre. beelc charae••re utili led, 4ependl.1 DD .a'I~D' r.qlllr....t. 1. tba 
lenerate4 ..t.ll pell.ta/.,4d1In•• , pl.n' .cr.p••nd occ••loaall, 3:1 .r14 

! 
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..tll/pelletl. The pelletl'.lddllnll charge hal produced • dally high of 
22S tona but n0rM311y averl.el 200 tonI per dlY with bullion at 1>1.25% 
antimony level. A htlh Dr 288 toni has been relltzed on plant Icrlp, the 
Iverlle dally tonnl.e betnl 12~ vlth an averl.e antl.any content of 6%. 
the 3:1 trld ~tal/pelleta chlr.e Iverlgee 180 tons per day, the high 
tonna•• beln. 200 and the .vera.e Intlmony content runs 31. 

1 

t.alloratorlea 

The che.I~ll I.boratorlee at 'edrlcktown Ire loclted In the ~aln offiCI 
building. while the a.81Y rOON II located In I wln~ off the refining bulld~ 
Ing. The lib 1. equipped with a ft.lrd-Atomlc I •• ter, Spe~tro.et 1000. 
direct readln••pectro~ter, I Varl.n Techtron Hodel AA6 ato.lc ablorptlon 
Ip.ctrophot~ter with I K-80 I •• box, I teeD Hodel 512-000 luI fur Inllyzer, 
• teeo Hod.l 761-100 carbon .nelyzer Ind the conventional wet che_Icel 
'acilltiel. 

The llboratory' ••ajot e_ph.ela la on kettle proee.e control aa~plel 
for vblch the .peetro.eter .nd Ito.le abaorptlon apeetrophoto.eter are MOet 
hllhly utilized. tnco.ln. drol ••I. bltterlel and ~et.l Icrap Ire ••••yed 
.1 r.qulred. o.lly liMp lea of kIln ala••nd periodic IINplee of feed .. ter
i.ll Ind fluxea provlde control for the kiln oper.tlon. 

Klln Che.l.try .nd Reactlonl 

Durlnl the de.lln .nd construction of the Pedricktown kl1n, a computer 
aodel of the proce •• vaa conatructed In order to better deflne ~he proceae 
p.ra.. tera. We will not here 10 lnto any detalle relardlng the MOdel, elnc. 
thl. will follov •• the lubJect of a leplrlte p.per. Hovever, in order to 
.et up the .. In felture of the .adel, nl~l, a ..e. end heat balance 
ll.ulltlon of the kiln, we had to .rrlve at en underetlndlng of the klln 
r.actlonl II functlona of dlatance fr~ the feed end. Thle underltlndln. 
ta deacrlbed belovo 

The feed to the kiln co~prlaea the lead-bear Ins portion of the ch.rae, 
cowpoled of the output fro. the decaalng operatIon. combined vlth other 
l.ad acrep. flnel, dlvided petroleu. coke, ca.e Iron cblpl, .nd loda aah, 
to ftl.. the prlnclpll conltltuentl. The leount. of toke, lron Ind lod. are 
IdJu.ted to ,ult ala. che.l.tr, Ind 11.0 te.per.ture. Equltlona 1 throulh 
8 .eacrlbe the bl.lc ... ltln. reaction. 

+ !!2CO) ,.. 2 PbO:I C + 2 PbSO, + lfa21120) + , CO2 (1)
Flux 

+ L!!z«:Ql ,..S C + 2 PbSO, Flux 2 PbO + 2 HI2S + 7 CO2 (2) 

,bSO, + 2 C II- PbS + 2 CO2 (3) 

~21!!?) ,.. 2 PbOC + 2 PbS + + 2 MI2S + ) CO2 (4)
rlux 

FeO 
PbS + II- rbO + reS (5) 

nux 

Inn 

• b02 + C ,. PbO + CO2 (6) 

2 PbO + C ,. 2 Pbtl .. CO2 m 

l!!2C21 ...,. Ma20 CO2 (I)Flux 

It cln ba ae.n that the cok. acta prl..rll, to raduc. the leed oxld•• 

to ~tailic leld Ind to reduci the aulfata to eulflde. Additlonlll,. eok. 

.1'0 under.oe. the follovinl re.ctlon: 


C + 02 ---,,. C02 (9) 

and we have found in practice that thl. reaction pllye an l.,ortant ,.rt ev•• 
though he.t i. provided at the front end of the kiln vlth • bur••r. The 
burning of the coke la eaperlenced over the .ntire lenath of tha k11••y.n 
up to the point where the coke ..y be ee.o burnlna on the .le. l',er •••la. 
pour. over the corbel. The reactivity of the coke I ••n i-,ortlnt f.ctor, 
Ind we hive found petrollu. coke to bl .o.t eultlbl.. The .odlua c.rboDlt. 
reducea the lead .ulflde to leld. and the oth.r r••ction product yarl•• fro. 
Na2S .11 the v., to Ha2S0, vlth aevlrll different lnteraedl.ta co.pounde 
.uch a. eodlua thlo.ulfate 11.0 beln. found. Sinc. the predo.ln.nt epee I •• 
Ire lodlum thloaullat••nd NI2S, the proportiona of the.e two conatltu••t. 
Ire uled la indic.torl of the etltl of oald.tlon of the Ila.. The ...11 
leounta of aulfur In the coke Ind other incideot.l &Oure.1 11'0 r ••ct vtth 
eodlum clrbonlte In the elae we,. An i.port.nt function of the .cd. 11 al.a 
to reduce the levela of aulfur oaldea In thl off ~••e.. Thl. -,Itt.rln. 
Ictlon Clueea the lui fur dioxide In the off •••el to b. well below 200 ,.rt. 
per Dillion. So.e unrelcted aoda .lao .Ic.pea vtth the flu. du.t Ind 11 
returned to the kiln when the du.t ia recycled. Th••Irborn. lodiu. c.r.... 
ate aleo exert. "getterlng" Ictlon upon eo... chloride. th.t happ•• to lie 
prelent ln the .1r atre... Theae chloridel Ire .en.rall, 1. thl fora of 
HCI evolved froa the burnln, of PVC leparltor•• 

The .etion of the caat Iron I. to .ct eyn.rai.tlc.ll, vtth the .... 
to reduce the lead luIftde. to le.d. Tha proportion. of iron lad .~. 
Ire Idju.ted 10 thlt the co.po.ltionl of the ala, ar. a~cb aa to .. 'n , .. 
lov Delttng porttona of the eutectic YIlle,e. ' 

The helt for the kiln re.ctlon ca-e. traa both the cote aad tha 'uel 
oil betng burned. In the •• rly portion. of the kiln where the ..tarl.la 
Ir••olld, heat trlnlfer fro. the hot ••••• to the .olld. i. atl.cted b, 
the r.ta of rot.tion. 11nce Incr•••ln. the r.t. tocrel.e. the turnlac 
over of the aurf.c. lolldl, thu. cr.n.flrrln. the helt to the l.,.r. "low, 
At the tipping end of the kl1n, the t ..p.r.tur. la controll.4 prl..rll, ., 
adjultlnl the burner. Althoulh fraa the Itandpoint ot .ntrli••d ..l.llie 
lead It ia preferlble to h.ve 11•• '1 fluid .e pOlltbl•• an lnter-.dtate 
vi.collty la preferred ln order to alnl.ls. the r.fr.ctor, w••r. 

The ..jorlty of the ell. la cOMPoled of the lulfld•••nd o.id•• 0' 
.odlu_, Iron Ind laad. toaether vith elUc., ,\lualn••nd oth.r ollldic eon
.tltuenta pre.ent ln the leed •• terl.11. AI.o prelent to lev.l. up to 201 
1. unburned coke. Of 'he co.pounda aentioned abovr., the .ulftd.a ,r....,· 
nau; .ltbo~lb In ella (.I•• of aodl~a, then allo .lIht thlo.~lfa'''., 1M 
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pre.~nce of th~ blRh concentration of .ulfldea allows thl...terlal to be 
alternately called a Mltte r.ther th.n • alaR. The oxldea In aulfldel will 
not ,eparlte out Into two different l.yer••a they do In the blaat furnace. 
The non~etailic lead preaent In the .Iag II extre~ely Insoluble In Yater 
becau.e the predominant .pecle la PbS, The alaR Is hYRroacoplc and thla ha. 
to be t.ken Into account when runnlnA 81a. analyseB. Furthermore, due to 
the pre.ence of the entrained c.rbon, thla alag ~uat be handled .nd dla

poaed of u.lna apecl.l technlquea, which .re almple but abeolutely nece.aery, 

A dllcua.lon of the .. thoda e~ployed to prorerly handla al.s la contained 

In a p.tent tbat la expected to ba I ••ued .hortly, 


Reflnlna .nd CaatinK 

The 'edrlcktovn refinery wa. constructed In 1912 and wa. not altered 
durfn, the kiln conatructlon .nd deca.er rey.~p In 1911-18. The r~flnery 
conalet. of tvelve 90-ton kettle••rr.nRed In tvo Rroupa of Ilx wltb an 
1.lev.y .nd 100 ~Id Vlrt~ ca.tlna ..chIn•••p.r.tlna the two. Plana 
orlaln.ll, c.lled for reservlna one afOUp of .Ix kettles for aoft lead 
production .nd the other aroup for .ntl~nlal lead production. Due to 
hl,h.r deaand for loft lead .nd aoft lead baaed grid .Iloy., nine kettlea 
an nov deatllnaUd for "loft had ua. only". Soft lead il ..nufactuud 
fro. lov antl~n, kiln ..til by oxidation vltb air, Inte,..tallic I.purlty 
reeoval and cau.tlc-aodluw-nltrate treat.ent. Anti.anlal lead la produced 
fra. 2-1/2 to 3% kiln .. tal or aweater .etal. 

'The refining kettlel are conatructed lro. ASTH-A285C firebox ateel. 
1-1/2 Inchel thick. The, haye .tralaht aldel, 38 inchel len8th and In 
alli~tlcal bottom. All kettlea are Itr•••-relieved at 1100·' bJ the 
..nul.cturer. Kettle aettln~. conilit 01 a Iteel ahell lined with 3 lnchel 
of Inaulatlna e'ltlble refractor, Ind 13-1/2 Inch•• of firebrick. 

The floor of .ach aettinK la ..de up of I layer of linch•• cllt.bla 
rafraetory, • couraa of 4-1/2 Inch brick and a llyer of land. FUMeS and/or 
unburned co.bu.tlon ,aaea In tbe a.ttlns are carried off by • ventilatins 
flu. a,ata•• 

Each kattle I. Iqulpped with. North A.erlc.n Mf., Co., Hodel No. 5795
"-SA ftOEIII-.la type all burner rated at 10 .llllon aTU/hour and. full 
fl ... aafet, .,ate., 

DrolllnR la conducted ualn. an auto.atic dro.aln& ..chine which 
opera,tea undar ventilated kettle hood•• 

'All .ixera are .aunted on kettle hooda and are of rlsht analed drive 
• 'It,n. driven b, belta and povered by 30 HP .atora. Thre. bladed I.pellera 
.r. uaed eaclualvel,. ' 

Lead puwpa ara ca.priaed of tva typea: tranafer-pu.pa vhich .re uaed 
to ~a .alten lea. fro. kettle to kattll Ind ClatlnK-pu.pa. All pu.pa ara 
.f c.ntrlfu,ll d••I,n and .r. drlvan b, fixed AC electric .atora. Th. 
e.atlnl ,u.p tbet feed a tbe WlrtE caatln~ ..chin. ia ..de to operet. aa a 
"artabla apeed pu.p by varylnl tba fraquencJ at Which the .ator opera tea. 
11da h acca.plhbed by pluUin, tha P""'Pa Into a "bllck box" apeed control 
,an.l .nd diallnl the apaed required. 

Dhcuaalon 

Co.parlaon of Rotlry Kiln S..ltln& With al.lt Furnaca 

W. will dlacu.. here ao.a of tha _jor differencea bat"..... tha.. 'va 
typla of a.. lttnl. Altbou,h both ..thoda a.ploy contlnuoua a..lttnl, ,. the 
kiln proceaa tha ala, 11 t.ppad eontlnuou.ly whtla tha ..tal la tappod 
perlodtcally, whar.aa In tha blaat furnaca the altuetlon la a.actly r.v.r.ad. 
Major diffarencea, too, 11a In tbe ch..iltry and the eaa. of oparatio•• 
The rotary kiln ia, without queatlon, a .i~lar furnaca to oparata I. thal 
indiylduala can b. tratnad expedltloualYI and there 1. raquirad a .I.t~ 
of expertentlal knowlldae of the type raqulred 'n the blaat furaac.. Thta 
I. partly becauae there la a hi.her de,ree of auto.. tlon in thia furDlc. 
and partly becauae the kiln la ••or. atable furnace In that departuraa fro. 
normalcy do not senerally haYa catl.trophlc effecta. . 

In • bl •• t furnace, fur.lce ahutdovn, or loat ti.. bur. dOVA! ca. be 
caused by the followlna .Ituotiona: aev foraatton due to • hl,h troll. 
condttton, exceaalye unamelted ..tartol due to lov Iron or cok., laprop.r 

l 	 charge dlatrlbutlon, hand a and accretton. tn the ahaft, aat.ndad .l.vatto. 
of the a..lttns zona a"d hlah back preaaura. The l •• t tt.. ca... haya a 
v.rlety of Cluaea, includtn, praalne. of too ..ny fine. on tha cherla. I. 
contra.t, the kiln operate. afficlently with fl"e., o"d .0 .xtaDd,. ahotdown. 
can only be cauled b, a fev eyanta. 

In recent tt..a, the axtanaiva ua. of PVC laparator. haa .ffacted blaat 
furnac. operatlona advaraaly blcauaa the volatll. la.d aDd lroD chlorlda. 
for. a reflux loop in tha furnaca raaultln, la oparatln, dlfflcultiaa and 
alao lead,loat in .11, (or l.ad chlorlda). ID tbe kiln, the chlorld•••a.l1, 
relet vith the loda and the raaultln, HaCl product I. DOt d.trl...t.1 .a • 
alog conaCltuent. 

Overall ..npaver raquira..nta .ra lover on cha klla vhen c ....r•• 0. • 

tonnage baala. Alao the t.aka .r. at~lar and laaa tatlnatv. ta that • 
..jorlty of tha operatlona ar. on • tl..d achadula. vharaaa la a blaa, 
furnace the alag tapplns ia of tea ~equlred to b. on the baala of vtauel 
obaetvationa (requtrlns expertenc.). and OD tha .... furnace ,appl., latar
y.la can vary fro. 10 .Inutea to 30 .tauta. dep."dlnl UpOD f~raac. eoallcloaa. 
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